We report the results of ultrafast transient absorption studies of tetrakis (l-pyrophosphito) water and acetonitrile upon excitation of high lying (<300 nm) UV absorption bands. We observe an ultrafast relaxation channel from high lying states to the lowest triplet state that partly (Pt(pop) in H 2 O, Pt(pop-BF 2 )) or fully (Pt(pop) in MeCN) bypasses the lowest singlet excited state. As a consequence, vibrational wave packets are detected in the lowest triplet state and/or the lowest excited singlet of both complexes, even though the electronic relaxation cascade spans ca. 2 and 1.3 eV, respectively. In the case of Pt(pop-BF 2 ), coherent wave packets generated by optical excitation of the lowest singlet 1 A 2u state also are reported. Overall, the reported dephasing times of the Pt-Pt oscillator in the ground, singlet and triplet states do not depend much on the solvent or the molecular structure.
Introduction
Vibrational and electronic energy flows play a crucial role in photochemistry as well as in photobiology and their identification is essential for understanding Nature and crucial for applications, such as solar energy conversion, photocatalysis, and for developing luminescent materials. With the advent of femtosecond laser spectroscopy, it has become possible to track down the time scales and pathways of energy relaxation in complex systems, eventually by following their vibrational wave packet dynamics [1] [2] [3] [4] [5] [6] [7] [8] [9] . Vibrational wave packets reflect spatial localization of energy at a finite time in a given mode. Whenever a non-adiabatic transition occurs between electronic states, the wave packet may switch to another state (due to population decay), as first reported by Ahmed Zewail in the classic example of the NaI molecule [3, 10] . Coupling between electronic potential surfaces (curves for diatomic molecules) may be intrinsic to the molecule (as in the NaI case), or may be induced by environmental effects, as in the case of the iodine molecule in solvents [8, 11] . In this case, the fluctuations of the solvent may destroy the coherence imparted to the system upon excitation, because of fluctuating non-adiabatic couplings.
Vibrational wave packet(s) have been reported in the final state of ultrafast non-adiabatic potential surface crossing events in large molecules in solution [12] [13] [14] [15] [16] [17] [18] [19] as well as in biological chomophores [20] [21] [22] [23] [24] . In all these cases, excitation was directed to the first or higher lying dipole-and/or spin-allowed transition, generally in the visible region, and the occurrence of wave packets in the final state of the cascade suggested that either they are formed upon excitation and survive during the electronic cascade, or that the latter is fast enough to trigger wave packets in the lowest electronic state (often the lowest high spin state), that could also be the ground state.
In a series of recent papers on ultrafast electronic relaxation of organic dyes and transition metal complexes, Chergui and coworkers [16, 25, 26] showed that indeed, electronic relaxation can be extremely fast over large energy ranges, probably faster than the highest frequency vibrations of the molecule. In particular, in a study on iridium complexes, Messina et electronic relaxation cascade from the high lying singlet ligandcentred ( 1 LC) state to the lowest triplet metal-to-ligand-chargetransfer ( 3 MLCT) state, ca. 1.6 eV lower in energy, takes place in <10 fs [26] . In the molecular systems investigated so far, the density of states is large and therefore it is likely that electronic relaxation occurs through a series of conical intersections that may be crossed in less than one high frequency vibrational oscillation. In the cases of organic dyes and Fe complexes, wave packets show up in the final state of the cascade [16] [17] [18] 27] , but one of the remaining questions is whether they are created prior to populating the lowest state or only appear in the latter as a result of its impulsive non-radiative population. Furthermore, once wave packets have been formed, either prior to reaching the final state or within the latter, the issue of their dephasing by intramolecular couplings or simply by solvent fluctuations is still to be clarified. The above cited examples dealt with systems that have a high density of electronic states and as a consequence, they do not allow a clear tracking of the relaxation channels and the associated coherent process, if at all. Here, in order to address these issues and to examine the temporal evolution of high-lying excited states, we chose metal complexes that have a low density of states in the range of the lowest-lying singlet and triplet excited states: tetrakis (l-pyrophosphito)diplatinate(II), [ , abbreviated Pt(pop-BF 2 ) (Scheme 1) [28] [29] [30] . In these diplatinum (d 8   -d   8 ) complexes, the lowest singlet and triplet excited states have nearly parallel potential energy curves. They are separated by $0.7 eV from each other and also from the higher-lying manifold of mixed-spin states [28, [30] [31] [32] . The two Pt II atoms are in a square-planar coordination geometry, linked by four PAOAP bridges that encage the Pt-Pt moiety and shield it from the environment, except for the open axial sites (Scheme 1). Upon excitation of the singlet state, the HOMO (Pt-Pt antibonding, dr⁄) to LUMO (pr-bonding) transition leads to a shortening of the metal-metal equilibrium distance by 0.21-0.31 Å [28, 30, 33, 34] . This was exploited to generate vibrational wave packets of the Pt-Pt bond stretch in the lowest singlet excited 1 A 2u state of Pt(pop) upon excitation by a femtosecond pulse [35, 36] . Although the singlet to triplet intersystem crossing (ISC) is symmetry forbidden, it was found to occur in 10-30 ps depending on the solvent [35, 37] . Recently, ISC in acetonitrile (MeCN) was investigated and found to be remarkably faster, ca. 700 fs [36] .
In Pt(pop-BF 2 ), the four bridging ligands are covalently linked by BF 2 groups (Scheme 1) [29] . Relative to Pt(pop), this increases the rigidity of the ligand cage as well as the volume of the encapsulation envelope. It also was found [29] that, contrary to Pt(pop), ISC in Pt(pop-BF 2 ) is very slow (2.1 ns in MeCN at room temperature), indicating negligible coupling to other electronic states.
Low temperature optical studies [32] and TDDFT calculations [31] show that the lowest singlet and triplet excited states of both diplatinum complexes have very similar structures, making Pt (pop-BF 2 ) an interesting system to investigate the structure dependence of the electronic relaxation cascade and of the wave packet dynamics.
In this work, we study electronic relaxation processes following excitation of the states lying high above the lowest excited singlet state of Pt(pop) and Pt(pop-BF 2 ) and find a direct channel to the lowest triplet state, which fully or partially bypasses the lowest singlet state. Our findings are supported by nanosecond TA studies and by steady state photoluminescence excitation (PLE) spectroscopy. We find that the relaxation channels from the highlying states to the lowest triplet and excited singlet states are ultrafast and preserve the coherence, as vibrational wave packets appear in the singlet and, for Pt(pop), also in the triplet state. The hitherto unreported wave packet dynamics of Pt(pop-BF 2 ) in the lowest excited singlet state are presented and show strong analogies with the behaviour of Pt(pop).
Experimental
Transient absorption (TA) experiments were performed on a 2D UV instrument described in Refs. [27, 38] . Samples were excited with $150 nJ, 60 fs (FWHM) UV laser pulses focused to a 100 lm spot and probed with white-light supercontinuum pulses generated by focussing part of the laser beam to a CaF 2 plate. The instrument response function was ca. 80 fs. See the SI for details.
Nanosecond transient absorption spectra were measured on the ULTRA A instrument at the STFC Rutherford Appleton Laboratory (UK) [39] . A degassed solution was placed in a 0.2 mm closed cell that was rastered in two dimensions during the measurement. The sample was pumped by $1 ns FWHM, 355 nm Nd:YVO laser pulses and the spectra were probed using electronically synchronized $150 fs white-light continuum pulses [40] .
Stationary phosphorescence and fluorescence excitation spectra were measured on a Fluorolog-3 instrument (model FL3-11; HOR-IBA Jobin Yvon) using diluted Pt(pop-BF 2 ) solution in degassed MeCN (Aldrich SureSeal) prepared in a controlled-atmosphere glove box (Jacomex, 0.3 ppm O 2 ).
Detailed experimental and data analysis procedures are given in the SI.
Results
The UV-visible absorption spectra of Pt(pop) and Pt(pop-BF 2 ) dissolved in acetonitrile (MeCN) are shown in Fig. 1 [31] using spin-orbit TDDFT with an implicit solvent. It was concluded that these bands involve transitions originating from lower-lying predominantly ligand-localized molecular orbitals to the LUMO. Corresponding excited states can be approximately described as ligand-to-metal-metal-charge-trans fer (LMMCT), all being of a strongly mixed triplet-singlet character. The UV2 band for Pt(pop) was calculated to result from final states that have >85% singlet and <15% triplet character, while the situation is reversed for Pt(pop-BF 2 ) [31] . The UV spectrum additionally exhibits a broad background attributable to excitations to a manifold of states with negligible oscillator strengths from the ground state [31] . 
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identify the excited state absorption (ESA) of the singlet and triplet excited states as well as the stimulated emission (SE) from the singlet state. Indeed, in Fig. 2a , the signal between $430 and $520 nm is dominated by an intense ESA, similar to that observed in ethylene glycol at long time delays [35] . Hence, it is attributable to the 3 A 2u state (ESA T , centred at $470 nm). This ESA exhibits an oscillatory pattern with a frequency of 157 cm À1 , which is that of the triplet state (based on low-temperature studies [41, 42] ). Notably, it differs from the 150 cm À1 frequency characteristic of the 1 A 2u state [35, 41, 42] . A strong signal appears near t = 0 between 390 and 440 nm, due to the initial dynamics near the FranckCondon (FC) point of vertical excitation from the ground state ( Fig. 2a,b) . Thereafter, the signal becomes fainter while exhibiting a low-amplitude oscillation at $210 fs. A strong oscillatory pattern resumes clearly only after $300 fs (Fig. 2b) . From $200 fs onwards, the signal below $430 nm is slightly negative. This is the region where a weak ESA T is present in the spectra obtained under 360 nm excitation [35] . Since the ground-state bleach (GSB) band is expected at $370 nm and spans up to $400 nm, while the SE peaks at $420 nm [35] , the weak negative character of the signal in this region suggests an overlap of positive ESA T and negative SE from the 1 A 2u state. This overlap is confirmed by the Fourier analysis (see below) that reveals the presence of the $150 cm
A 2u state vibration in the 405-420 nm SE region (Fig. S3b) . It follows that while the lowest triplet state is promptly populated in <400 fs after UV excitation, some fraction reaches the lowest singlet state as well. The (t-k) plot becomes much simpler in MeCN (Fig. 2c,d) as only one prominent trace shows up, due to absorption by the triplet state, which can also be identified by its oscillatory pattern with a characteristic frequency of 157 cm À1 . The wave packet evolves from the initial intense FC point of excitation at 400-440 nm (due to the UV2 states) in two branches that split at $150 fs (Fig. 2d) . One branch forms a single large-amplitude oscillation extending beyond 600 nm. Its return is unclear, but in principle it should converge to the oscillatory pattern that follows thereafter.
The other branch appears to directly connect to the first turning point of the strong triplet oscillatory signal at $250 fs. In fact, the same behaviour is seen also in water (Fig. 2b) , but the largeamplitude signal is fainter and a weak oscillation is present between the FC point and the turning point of the first triplet oscillation at 290 fs. Pt(pop-BF 2 ): Fig. 4a ,b shows the t-k TA plots obtained upon 360 nm excitation of Pt(pop-BF 2 ). TA spectra at fixed time delays beyond 2 ps (when the oscillations have damped out) are displayed in Fig. S1a. Fig. 5 shows the time traces at characteristic wavelengths. TA spectra (Figs. 4a and S1a) exhibit a GSB around 365 nm, an SE around 395 nm, a strong ESA around 440 nm and much weaker ESA features around 500 and 550 nm. The simultaneous presence of SE and ESA for times !10 ps allows us to assign the ESA features to the lowest singlet excited state ( 1 A 2u ), in agreement with its long (1.6 ns) lifetime [29] . This assignment is also supported by the oscillation frequency of 162 cm À1 that appears in the ESA and SE ( Fig. 5 ) and is very close to the 1 A 2u Pt-Pt stretching frequency extracted from low-temperature solid-state fluorescence excitation spectra [32] . The GSB signal (the 372 nm trace in Fig. 5 ) shows a 126 cm À1 oscillation of the ground-state (bleach) signal, beating with the 162 cm À1 oscillations of the 1 A 2u state, due to the overlap of the GSB and the SE. The wave packet in the ground state is generated by impulsive stimulated Raman scattering [44] . The 400 and 433 nm kinetic traces also exhibit additional high frequency oscillations at early times. These oscillations are wave packet dynamics of the overtone of the fundamental Pt-Pt frequency in the singlet excited state resulting from coherent superpositions of Dv = 2 vibrational levels, generated by the 360 nm pump pulse. These results are supported by the FFT analysis given below.
Weak ESA oscillations in the regions around 500 and 550-600 nm occur at the 162 cm À1 frequency of the 1 A 2u state (Fig. 5) . However, while the 466 and 560 nm traces are in phase with each other and also with SE oscillations, the 500 nm trace is p phase-shifted and in phase with the 433 nm trace (Fig. 5) . This finding implies that the wave packet evolving on the 1 A 2u potential energy surface is detected at different probe windows along the Pt-Pt bond distance due to ESAs to different higher lying states. The presence of these weak ESA S transitions is confirmed by the nanosecond TA data given below.
No ESA T appears, at least within our window of observation, implying that over this time interval the 1 A 2u state does not undergo ISC to the 3 A 2u state, in agreement with its 1.6 ns lifetime [29] . To obtain the spectrum due to absorption by the 3 A 2u state, we have measured nanosecond TA spectra on a timescale much longer than the ISC lifetime, from 0 to 100 ns after 355 nm excitation (Fig. S2) . Nanosecond spectra measured at early time delays during a pump-probe overlap showed SE and ESA S that match the 1 A 2u spectrum observed on the ultrafast time scale (Fig. S1a) :
a SE at 393 nm and an ESA S at 442 nm, plus very weak features at 500, 550, and 670 nm. At longer time delays, this spectral pattern isosbestically converts to a spectrum showing an intense broad band at $440 nm and much weaker features at 490, 570 and 675 nm, while the SE signal disappears. The final spectrum is thus attributable to the ESA T from the 3 A 2u state. In accord with its long ($8 ls) lifetime, the ESA T features undergo only very small (<5%) decay between 20 and 100 ns. Upon 260 nm excitation into the UV2 band, the tÀk TA plot (Fig. 4c,d ) is characterised by: (i) A strong ESA feature appearing in the 380-430 nm region at the earliest times, due to the departure of the dynamics from the FC state(s). It rapidly expands into a large amplitude oscillation over the entire probe window (Fig. 4d); (ii) the signal intensity quickly becomes less contrasted before resuming a better contrast with an oscillatory pattern at > 500 fs, as can also be seen from the time traces at 398 nm (SE) and 460 nm (ESA S ); (iii) overall, the oscillatory pattern is much less clear cut than that upon 360 nm excitation (Fig. 4a) ; (iv) All observed oscillations occur with a frequency of the ). Both ESA and SE signals persist for longer than 10 ps, although the oscillations abate.
Comparison of the transients produced by 360 and 260 nm excitation (Fig. 4 and S1) shows that the region below 435 nm is different due to an additional long-lived ESA generated by the 260 nm excitation. This is clearer in Fig. 6 where the 10 ps TA spectrum for both cases are compared, along with the 50 ns spectrum. It is obvious that the additional 400-435 nm ESA feature does not belong to the 1 A 2u state and is most probably the ESA T absorption at $425 nm (Fig. S2) . Comparison with the ESA T ( 3 A 2u ) spectrum at 50 ns clearly shows that the TA spectrum obtained upon 260 nm excitation is a superposition of a predominant 3 A 2u spectrum with a minor 1 A 2u contribution. In particular, the triplet spectrum shows a broad feature between 380 and 450 nm with a maximum at 425 nm (where the 260 nm excited TA shows an extra absorbance), whereas the ESA S band lies at 442 nm. The ratio of 3 A 2u and 1 A 2u populations upon 260 nm excitation was estimated as 3.4, using normalized and scaled TA spectra (Fig. 6 ) in the region of the SE maximum where the triplet does not absorb (In particular, the (DA 360 -DA 260 )/DA 260 ratio was determined as 3.4 at 389 nm. The subscripts specify the excitation wavelengths).
The conclusion that 260 nm excitation of Pt(pop-BF 2 ) simultaneously populates 1 A 2u and 3 A 2u states, but predominantly the latter, is further supported by stationary photoluminescence excitation (PLE) spectra normalized at the maximum of the singlet absorption band at 365 nm (Fig. 7) . Whereas the phosphorescence excitation spectrum nearly coincides with the absorption spectrum, the fluorescence excitation spectrum is much weaker in the UV region, indicating that the fluorescent 1 A 2u state is partly bypassed during the relaxation of higher excited states. The (Fig. 7) , in very good agreement with the TA spectra (Fig. 6 ).
Quantitative results
The time-wavelength (t-k) plots were subject to a global fit (GF) and singular value decomposition (SVD), described in § SI.3. Briefly, the time traces at specific wavelengths, extracted from the t-k plots, exhibit oscillatory behaviour due to the wave packets, on top of exponential components, due to population decay or rise. In the GF, all these traces were fitted by a multiexponential function multiplied by a damped sine function (see eq. S1), using a common set of time parameters. To separate the oscillatory parts for FT analysis, we fitted the exponential components using parameters obtained by SVD and subtracted them from the experimental traces. The oscillatory parts were obtained as the residuals and subject to Fast Fourier Transformation (FFT) to convert oscillation times into vibrational energies (in wave numbers), as described in § SI.4. The exponential and oscillatory parameters extracted from these analyses were used to simulate the time traces and compare them with the data, as discussed below. The parameters extracted from the analysis are given in Table 1 for the exponential parts and Table 2 for the oscillatory parts. The quality of the agreement shows the robustness and consistency of our analysis, as reinforced by the excellent agreement of the oscillatory parameters extracted from the GF and the FFT ( Table 2 , Fig. S3 ). Table 3 summarizes the dephasing times of vibrational coherences derived from present and previous studies on diplatinum complexes [35, 36, 45] . The GF of the Pt(pop) (t-k) plots measured in MeCN and water retrieves the 157-159 cm À1 frequency of the lowest triplet state, and dephasing times of 2.5 and 3.0 ps, respectively. The fits are in excellent agreement with the experimental traces (Figs 3 and  5) . The FFT confirms the frequencies (Fig. S3) ; and, in water, the population of the 1 A 2u state also is confirmed by the SE signal that oscillates with the typical singlet-state frequency of $147 cm À1 in the 410-420 nm region. For Pt(pop-BF 2 ), the singlet excited-state oscillation frequency is ca. 13 cm À1 higher than that of Pt(pop) (Fig. S3, Table 2 ), which shows that the ''stiffness" (force constant) of the Pt-Pt oscillator slightly increases as the ligand cage becomes more rigid. However, the dephasing time is somewhat shorter. The agreement between the fits and experimental traces is again very good using the parameters in Table 2 . Additional Dv = 2 wave packets in the singlet state also are revealed by FFT (Fig. S3) , and they dephase on a time scale approximately twice shorter than the Dv = 1 ones. Both complexes exhibit picosecond exponential times (s 2 in Table 1 ) that arise from vibrational relaxation manifested as narrowing and/or growth of TA features. An extra 4.5 ps relaxation time (s 3 ) was measured for Pt(pop-BF 2 ) at 260 nm excitation, whereas only a value of 1.2-1.3 ps was determined for s 2 .
Triplet-state relaxation of Pt(pop) in MeCN after 280 nm excitation is also relatively slow, 3.5 ps.
Discussion
The present studies reveal conservation of vibrational coherence in electronic relaxation cascades spanning an energy gap of 1.3-2.2 eV, from the UV2-excited states to the lowest excited singlet and/or triplet states. This finding is quite remarkable, given that the density of states is high in the high energy above the first singlet excited state.
For both Pt(pop) and Pt(pop-BF 2 ), the lowest excited singlet state is completely or partly bypassed and relaxation occurs to the lowest triplet state. For Pt(pop), wave packets emerge in the lowest excited singlet and triplet states in water and only in the triplet state in MeCN, while for Pt(pop-BF 2 ), they only show up in the Table 2 Summary of the parameters retrieved from the oscillatory parts. x G,S,T and s D (G,S,T) are, respectively, the Pt-Pt wave packet oscillation frequency and its dephasing time in the ground, singlet ( 1 A 2u ) and triplet ( 3 A 2u ) states. Note that for Pt(pop-BF 2 ), we also observe wave packet oscillations at twice the fundamental frequency due to coherent superposition of Dv = 2 pairs of levels (parameters given in brackets).
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--152 ± 10 1.8 ± 0.5 -a Ref. [36] . A 2u ) and of the initial FranckCondon UV2-excited states are connected by a well-defined trajectory of the wave packet.
In both complexes, according to DFT calculations, the UV2 band largely consists of mixed-spin LMMCT states. The channel to the lowest singlet or triplet states most probably proceeds via a series of conical intersections from the LMMCT states (note that the potential energy surfaces of these two types of excited states are likely displaced along intramolecular as well as solvent coordinates). For Pt(pop) in MeCN (Fig. 2d) , the wave packet shows a clear bifurcation along two trajectories during the first oscillation, most probably caused by partial crossing to another (or to other) state(s). However, while one branch goes to form the oscillatory patter in the lowest triplet state, the second one extends further out and upon its first recurrence, it probably converges back to the same state. In any case, the coherences appear in the lowest triplet state within the first oscillation. For Pt(pop) in water (Fig. 2b) , the initial bifurcation of the wave packet is more pronounced but it also takes longer for the wave packet to appear it the triplet state. In the case of Pt(pop-BF 2 ), a bifurcation is also present but the whole signal due to the trajectory of the wave packet becomes less contrasted and only resumes with reasonable contrast by 0.5-1 ps. Although oscillations are seen during this period, they probably do not belong to the same state as that beyond 1 ps, or else there would be no change of contrast. The lack of observation of coherent oscillations in the 3 A 2u state of Pt(pop-BF 2 ) could be caused by an overlap with larger-amplitude singlet oscillations (SE) and with GSB in the region below 430 nm. However, some weak oscillations appear in the 500-600 nm time traces (Fig. 5) where the ESA T is expected (Fig. S2 ), but the signal is too weak to allow extracting the frequency.
Finally, the actual branching of population into the lowest triplet and singlet states reflects a complex pattern of electronic relaxation at the very beginning of the dynamics. The ratio of the evolution of the UV-populated states into the lowest excited singlet and triplet states sensitively depends on the molecular structure and on the solvent, as attested by the exclusive relaxation to 3 A 2u in the case of Pt(pop) in MeCN vs. simultaneous minor 1 A 2u and major 3 A 2u population observed for Pt(pop) in water and for Pt(pop-BF 2 ) in MeCN. Note that the UV2 band is predominantly triplet in Pt(pop) and predominantly singlet in Pt(pop-BF 2 ). The implication of the above results is that, even though several non-radiative transitions between intermediate states occur, vibrational coherence is conserved as a consequence of the ultrafast nature of the relaxation. In previous studies of ultrafast processes in Ru [46] , Fe [18, 25, 47] , and Ir complexes [26] , it was concluded that intramolecular electronic relaxation takes place in a 10-20 fs cascade spanning large energy gaps of the order of 1 eV, i.e., that these electronic relaxation processes occur on time scales of high frequency vibrations. In the present case, the coherence seems to be conserved throughout the relaxation cascade as witnessed by the trace that appears from t = 0 in Figs 2 and 4 and can be followed all the way to the lowest singlet or triplet states where the wave packet appears. The passage through the cascade shows an intermediate region of weak contrast: 300 and 250 fs for Pt(pop) in H 2 O and MeCN, respectively; <1 ps for Pt(pop-BF 2 ). This is attributable to the energetic isolation of the lowest excited singlet and triplet states from higher states and larger gap from the FC point of UV vertical excitation.
The above results show how differential shifts and mixing of molecular excited states due to solvent (MeCN, H 2 O) and structural (pop vs. pop-BF 2 ) effects can suppress, induce and/or accelerate relaxation channels. This finding is of importance as large polyatomic molecules possess states of various character: covalent, charge transfer (LMCT, MLCT, etc.), or Rydberg, which have largely different interactions with the environment and therefore may undergo large solvent-induced energy shifts such that the respective intramolecular potential surfaces are strongly displaced and their crossing points, e.g. forming conical intersections, are consequently modified. Such shifts and on/off switching of interstate couplings were spectroscopically demonstrated in rare gas matrices in the case of Rydberg-valence or Rydberg-charge-transfer interactions [48] . Such interactions also lead to ultrafast intramolecular relaxation pathways that bypass intermediate states, as was observed in the case of Rydberg state-mediated intramolecular relaxation of the NO molecule in rare gas matrices [49] . In this case, acceleration and bypass were due to the fact that population of a Rydberg state induces significant structural relaxation (0.5-1 eV) of the environment, which lowers the Rydberg state energy on ultrashort time scales, bringing it to resonance with lower lying valence states [50] Dephasing of the wave packets and vibrational relaxation: The present work reveals that dephasing times of the Pt-Pt wave packet oscillations in the ground, lowest excited singlet, and lowest triplet states of Pt(pop-BF 2 ), and of the [Pt(ppy)(lt Bu 2 pz)] 2 complex studied in Ref. [45] , are all in the 1.7-3.0 ps time range (Table 2) and are largely independent of solvent and structure (Tables 2  and 3 ). The singlet state seems to have a faster dephasing time, on average, than the triplet or the ground state. This may be due to the fact that the singlet state, being higher in energy, is in a region of higher density of states. The dephasing times in all three complexes are comparable, despite their structural diversity (and rigidity), and for Pt(pop-BF 2 ), a better shielding of the Pt-Pt moiety from the solvent owing to the eight outward-oriented BF 2 groups, and the absence of H-atoms. This observation indicates that the structure does not affect the dephasing times. The solute-solvent interactions are also not a source of dephasing as seen from Table 3 . We conclude that the origin of the dephasing must be found in the anharmonic coupling of the Pt-Pt oscillator to internal low frequency modes of the molecule. The faster dephasing of singlet state can be attributed to a higher density of dark states that may be resonant with it and may actually be those which mediate the relaxation from the high lying states (UV2 bands) to the lowest triplet state.
Conclusions
The present work on electronic relaxation of high-lying states of diplatinum complexes reveals a coherent evolution of the UVexcited states to the lowest singlet or triplet states 1.3-2 eV lower in energy, accompanied by appearance of wave packets in these states. The present study demonstrates the importance of the role of both solvent and structural effects on intramolecular excitedstate dynamics and energy flows, namely on branching among different lower-lying electronic states. Dephasing of the coherence occurs over relatively long (ps) times. We propose that anharmonic coupling to low-lying vibrational modes is the main decoherence mechanism, as manifested by longer pure wave packet dephasing times in singlet-excited Pt(pop-BF 2 ) than Pt(pop).
